seasonal NDVI signatures (NDVI seasonal metrics) of cropped and fallowed fields were extracted 154 from MODIS data at a lower spatial resolution (250 m resolution) using the samples generated from 
160
Sampling the two field types; 2) temporal profile extraction; 3) mapping the cropped/fallowed fields and analyzing the 161 relation to NDVI trends. sites was extended over time to maintain a balance between on the one hand, the number of 182 cropland sites and on the other, the number of sites of fallow and uncultivable rangeland together.
183
Historical land use/cover of the added sites was filled in on the basis of farmers' recall (Hiernaux et collected from 2000 onwards were used in the study, for an updated total number of 72 sites.
186
A mosaic landscape of three land use/cover types can be found in the region ( 
189
The linear thickets of tiger bush and the bare soil impluvium in between them have a distinctive 190 phenology and radiometric signature (Hiernaux & Gérard, 1999) . Due to the focus on studying 191 cropped and fallowed fields on sandy cultivable land, the uncultivable rangelands, together with 192 water bodies and villages, were masked out and disregarded from the analysis using a detailed mask 193 based on SPOT data (unpublished) corresponding well to the mask produced by Lambert et al, 2014, 194 based on PROBA-V data. 
SPOT and Landsat images

202
Data from the SPOT and Landsat archives were combined to achieve annual coverage of cloud-free 203 end of growing season images for the study area from 2000 to 2014 (Table 1) Adaptive Processing System (LEDAPS), including the atmospheric and geometric correction. individual years) to obtain three classes (cropped fields, fallowed fields, and uncultivable land).
214
233
This was done using the land use/cover records of the transects (ground observations), which were 
238
Cropped and fallowed fields were sampled using an interactive visualization of the classification
239
and SPOT/Landsat image in a false color composition. Given the challenging ground reality of fields, in this way, both field samples and classified maps were evaluated visually using ground 241 truth knowledge (Fig. 3b) . For each year, 20 cropped fields and 20 fallowed fields were sampled to 242 meet the requirement that each sample should cover at least one 250 m MODIS pixel. profile for cropped and fallowed fields was generated by averaging the derived seasonal NDVI
250
signatures of the years of the entire study period (Fig.5a ).
251
Seasonal metrics were extracted on an annual basis from the MODIS NDVI time series using the 
Cropped and fallowed fields separation from temporal NDVI signatures
266
Accurate wall-to-wall separation of the 'cropland' into cropped and fallowed fields using Timesat- the design of the analysis, the number of clusters (c) should be two (cropped and fallowed fields).
289
However, by including only two clusters, the center of a cluster determined by the unsupervised 290 algorithm will locate in the space of mixed pixels (Fig. 4a) and the algorithm will assign the same 291 membership values to pixels having the same Euclidean distance to the center of cluster. This 292 causes the incorrect clustering of mixed pixels to the endmembers, which represent the pure 293 cropped and pure fallowed fields in a spectral image. To circumvent this, the approach can be 294 optimized in two steps using different settings for the number of clusters (Fig. 4b) . Firstly, we 295 applied the FCM algorithm on input images of the selected seasonal metrics to 100 clusters to 296 generate the center of two "pure" clusters of cropped and fallowed fields (endmember sets).
297
Secondly, we re-applied the FCM algorithm to the same input images using the extracted 
Validation
309
In several land use/cover mapping studies, the membership value has been used as a proxy for the 
Results
336
Seasonal NDVI signatures of cropped and fallowed fields
337
A total area equal to the size of 5,000 MODIS pixels was sampled and averaged for cropped and 338 fallowed fields over the period of study. Over the dry season (November-June), we observed that 339 fallowed fields had a slightly higher NDVI (~0.02) than cropped fields (Fig. 5a ). During the rainy 340 season, fallowed fields had a higher maximum NDVI (~0.1) than cropped fields. Also, the NDVI of 341 fallowed fields decreased faster than that of cropped fields after the rainy season. In all years, 342 fallowed fields had a higher annual mean NDVI than cropped fields (Fig. 5b) . 
349
The fallowed fields were found to have a higher amplitude, base value, maximum, right derivative,
350
and small integral than cropped fields and the end of season and length of season of cropped fields 351 are later and longer, respectively, than those of fallowed fields, averaged over all years (Fig. 6a) information on both other metrics. Amplitude and right derivative were found to be significantly 361 different (P < 0.01) between cropped and fallowed fields for each single year (Fig. 6b) . 
Separation between cropped and fallowed fields 368
The fuzzy classifier (Fig.7) captures very well the spatial distribution shown in Figure 3 
Validation results
377
The correlation coefficients (R) between FCM membership and fallow percentage range from 0.72 378 to 0.81 (p < 0.01) for the four validated years, indicating an overall good fit (Fig. 8 ). The error rates 
Trend analysis
387
Negative trends in cropped/fallowed field membership are observed in the northern and central part 388 of the study area (Fig. 9a) , indicating an increase in the area of cropped fields from 2000 to 2014.
389
Positive trends, associated with an increase in the fallowed area over time, are mostly seen in the 390 southeastern part of the region. Compared with the slope map of annually summed NDVI (Fig. 9b) ,
391
both the negative and positive trends of NDVI display a similar spatial pattern to cropped/fallowed 392 field membership. The slopes of NDVI and cropped/fallowed field membership are highly 393 correlated, with a correlation coefficient (R) of 0.8 (p < 0.01) (Fig 9c) .
394
The overall trend in NDVI for the Fakara study area is negative for all summed NDVI metrics 395 commonly used for trend analysis in the period 2000-2014 ( Fig. 9d and Table 3 (Table 3 ). In contrast, there is a significant positive trend in the total cropped area
402
(p < 0.1) and a corresponding decrease in total fallowed area. As no significant trend in annual 403 rainfall was observed over the 15 years studied, it is unlikely that rainfall is responsible for the 
Linking changes in cropped and fallowed field areas to NDVI trends
425
For the study area in Fakara, an overall negative NDVI trend was observed in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] 426 and at the same time we also observed an increase in cropped areas. Although this is in line with 
